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AQT at LBL
A Multi-Disciplinary Enterprise to Accelerate Collaborative QIS

Á One of two US Department of Energy Quantum Testbeds

Á Our sister testbed is QSCOUT at Sandia National Labs, a trapped ion platform. Check 

them out!

Á We develop and operate a full-stack superconducting quantum computing 

platform

Á A growing library of QPUs

Á Cryogenic developments in partnership with Bleximo

Á Room temperature controls: in-house (QubiC), open-source collaboration (QICK at 

Fermilab), and commercial solutions (ZI and more)

Á Software stack and tools to optimize circuits and mitigate errors

Á Made available to users from Academia, National Labs, and Industry

Á Contributing to a thriving industrial landscape: Quantum Benchmark and Super.techacquired 

by Keysight and ColdQuantaafter developing their products at AQT

Á 2022 Call for Proposalsopen! Apply at aqt.lbl.gov



Classical and Quantum Firmware and Hardware

AQT Approach

Superconducting Quantum Processors at the Entanglement Frontier

1 mW Dilution fridge Cold stage
Commercial

Control

LBNL/ATAP 

Control

3D Integrated Quantum 

Processor Units (QPU) 

Team: LBNL, UC Berkeley, 

Bleximo, MIT-LL



Current QPU Capabilities
Trailblazer v6

Á 8-qubit ring chip

Á Fixed-frequency transmonswith independent drive lines

Á Independent readout resonators

Á Multiplexed readout bus

Á Coupling resonators for entangling gates

Á Cross-resonance gate

Á CZ gate

ÁôRobustõ, but limited: fixed, nearest neighbor coupling only



Trailblazer
High Coherence, Efficient Control  

Multiplexed Dispersive Readout

Enabled by Travelling-Wave Parametric Amplification (TWPA)

Three-state readout fidelities : 0ππͯωωȢφϷ ωωȢψϷ, 

0ρρͯωχϷωωϷ, 0ςςͯωτϷωχϷ

Novel Capabilities

Three-qubit iToffoli gates (350 ns): ωψȢςφϷ

Two-qutrit CZ gates: ωχȢσϷ

High-coherence Transmonqubits

Eight fixed-frequency qubits

Coherence times: ὝͯυπρυπʈÓ, Ὕͯυπ ρυπʈÓ

Qubit frequencies: υ φ'(Ú, Anharmonicities: ςυπςχπ-(Ú

All-microwave Quantum Control

Universal single-qubit gates (60 ns), fidelity: ωωȢχϷ ωωȢωυϷ

Two-qubit differential AC-Stark CZ gates (200 ns): ωωϷωωȢυϷ

Nearest-neighbor resonator-mediated connectivity in a ring



Qubit Lifetimes

Á Robust long-lived coherence 

above 100ms

Á Data is averaged among all 

qubits

Data as of2021



Blizzard:
At the Core

Å BlueforsXLD series fridge 

with 1000 uWcooling power 

at 100mK, reaching 10mK at 

base plate

Å 160 lines, 16 of which are 

superconducting with 0dB 

attenuation for readout

Å Cold Stage under the bottom 

plate designed by Bleximoto 

compartmentalize 

experimental space and 

facilitate parallel experiments

Å More fridges to come online 

soon


